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Abstract
Background:
Screening rates for colorectal cancer (CRC) are increasing nationwide including Tennessee (TN); however,
their uptodate status is unknown. The objective of this study is to determine the trends and characteristics of
TN adults who are uptodate status with CRC screening during 20022008.
Methods:
We examined data from the TN Behavioral Risk Factor Surveillance System for 2002, 2004, 2006 and 2008
to estimate the proportion of respondents aged 50 years and above who were uptodate status with CRC
screening, defined as an annual home fecal occult blood test and/or sigmoidoscopy or colonoscopy in the
past 5 years. We identified trends in uptostatus in all eligible respondents. Using multivariable logistic
regression models, we delineated key characteristics of respondents who were uptodate status.
Results:
During 20022008, the proportion of respondents with uptodate status for CRC screening increased from
49% in 2002 55% in 2006 and then decreased to 46% in 2008. The screening rates were higher among
adults aged 6574 years, those with some college education, those with annual household income ≥$35,000
and those with healthcare access. In 2008, the respondents who were not uptodate status with CRC
screening included those with no healthcare coverage (adjusted odds ratio [OR] 0.46, 95% confidence
interval [CI] 0.330.63), those aged 5054 years (OR 0.62, 95% CI 0.460.82) and those with annual
household income <$25,000 (OR 0.65, 95% CI 0.520.82).
Conclusions:
TN adults who are uptodate status with CRC screening are increasing, but not across all socio
demographic subgroups. The results identified specific subgroups to be targeted by screening programs,
along with continued efforts to educate public and providers about the importance of CRC screening.

Keywords: Behavioral risk factor surveillance system, colorectal cancer, tenncare, tennessee, uptodate
screening status

INTRODUCTION
Colorectal cancer (CRC), defined as the neoplasm of colon and rectum, contributes to significant morbidity
and mortality in the United States (US). It ranks second in most commonly diagnosed cancers and cancer
deaths among older adults in the US.[1,2] In 2008, 142,950 people (73,183 men and 69,767 women) in the
US were diagnosed with CRC and 52,857 people (26,933 men and 25,924 women) died from the disease.
[3] Among all existing prevention strategies, the most effective strategy in reducing the morbidity and
mortality from cancer is screening.[4,5] Screening tests identify individuals with precancerous lesions
including adenomatous polyps that are asymptomatic and amenable to cure at an early age, thereby
preventing them from progressing to invasive cancer. In addition, screening for CRC has been identified to
be highly impact and costeffective in general population.[6,7,8,9] It has been found that if all adults with
ages 50 years and above were screened for CRC regularly, approximately 10,000 additional deaths could be
prevented at an expenditure of $11,900 per life year annually.[10] In comparision to other prevention
strategies such as risk factors reduction and increased diagnostic and treatment measures, few modeling
studies demonstrated screening for CRC as the most effective strategy with impact greater than others.[11,12]
The key to reduce the incidence and mortality of CRC is regular screening, beginning at 50 years age. In
March 2008, the American Cancer Society, the US Multisociety Task Force on CRC and the American
College of Radiology recommended that all adults 50 years and older should be screened for CRC regularly.
[13,14,15] In October 2008, the US Preventive Services Task Force (USPSTF) updated the 2002
recommendations for CRC screening to include adults aged only 5075 years.[16] Routine CRC screening is
not recommended in adults aged 76 years and above except on an individual basis.[4] Multiple modalities of
CRC screening tests have been recommended: An annual fecal occult blood test (FOBT), flexible
sigmoidoscopy (FS) or double contrast barium enema every 5 years, a combination of FS every 5 years with
FOBT every 3 years or colonoscopy every 10 years. Despite strong effectiveness, expert group
recommendations and multiple screening modalities, CRC screening rates remain far below compared with
rates of other screening procedures like mammography for breast cancer, prostatespecific antigen screening
for prostate cancer and pap smear screening for cervical cancer.[17,18]
The screening rates for CRC were low during the 1990s; however, recent reports indicated moderate
increase in screening rates during the 2000s, with rates currently leveling off.[19] During 20022008, the
percentage of adults who reported FOBT screening within the past 12 months or lower endoscopy within the
past 10 years increased from 53.8% in 200264.2% in 2008.[20] This signifies that the incidence and
mortality rates for CRC are decreasing with screening rates increasing nationwide. Similar patterns were
identified in Tennessee (TN), but not at a similar rate. In 2008, the ageadjusted incidence rate for CRC in
both males and females is high (47.6/100,000) for TN when compared to that of US (45.5/100,000).
Moreover, the mortality rate due to CRC in both males and females is 18.7/100,000, which is higher than the
national average of 16.7/100,000. Several studies have been conducted to estimate the CRC screening rates
in TN by gender,[21] race including African Americans,[22] health literacy,[23] and response to
colonoscopy;[24] however, until date, no study has been conducted to identify the trends of uptodate status
with CRC screening among Tennesseans. Identifying trends and factors associated with uptodate status
with CRC screening among Tennesseans will assist public health professionals and health care providers in
earlier detection of cancer, reduce the incidence and mortality from the disease and improve the qualityof
life by providing support and resources. Moreover, disparities across demographic subgroups continue to
play a vital role in screening for cancers, especially among certain racial/ethnic minority populations, those
without health insurance or healthcare access, those with lower household income and those with less
education that are necessary to be evaluated.[20,25,26,27] Therefore, it is important to identify such
populations who are less uptodate with CRC screening and in need of support and resources to improve the

performance of CRC screening and reduce the incidence and mortality from the cancer. In this study, we
used the TN Behavioral Risk Factor Surveillance System (BRFSS), a state representative data, to not only
identify trends in uptodate status with CRC screening in TN adults, but also identify key factors associated
with such status; thereby, scarce resources could be diverted toward those needy populations.

METHODS
We used the TN BRFSS to identify trends and key factors associated with uptodate status with CRC
screening in TN. BRFSS is a multistage, randomdigital dialing, statebased telephonic health survey for
adult US residents 18 years and older to collect information on risk behaviors, clinical prseventive health
practices and healthcare access primarily related to chronic diseases and injury.[28,29] The BRFSS survey
questionnaire consists of approximately 80 core questions with additional optional modules for topics
including the questions for CRC screening.[30] Individual states have the option to supplement these
additional modules based on the assessment and data needs of their respective states. During the time of data
collection in November 2010, additional modules for CRC screening questions were mandatory core item in
the TN BRFSS conducted in the years 2002, 2004, 2006 and 2008. TN BRFSS conducted 3207, 3782,
4416 and 5024 interviews during the study years 2002, 2004, 2006 and 2008 respectively. Questions for
CRC screening status were posed to 9,172 participants who were aged 50 years and above and are eligible
for CRC screening. The survey response rates of all eligible adults with telephones in TN were calculated
using the Council of American Survey Research Organization method by taking the percentage of complete
and partial interviews out of an estimate of the total households. The survey response rates in the study
ranged from 55.4% in 200875.8% in 2002.
Measures
During the 4 years, the interviewers asked TN BRFSS participants four questions related to their CRC
screening status. They were asked whether they had ever been screened for CRC either with
sigmoidoscopy/colonoscopy or a home FOBT and if so, when they received their screening [Table 1]. In
1999, the endoscopy questions were revised to reflect the evidence regarding colonoscopy and proctoscopy.
Therefore, the participants were asked about their screening with “sigmoidoscopy/colonoscopy” instead of
“sigmoidoscopy/proctoscopy.” Furthermore, in 2008, a new question has been added to the BRFSS
questionnaire to differentiate between the sigmoidoscopy or colonoscopy tests that the survey participants
underwent. This additional question has been added to the new CRC screening guidelines identifying either
sigmoidoscopy during the past 5 years or colonoscopy during the past 10 years.[14] In this study, we defined
the uptodate status with CRC screening for those individuals who were screened for home FOBT in the
past 12 months and/or a sigmoidoscopy or colonoscopy in the past 5 years. Although the updated screening
guidelines in 2008 restricted the age category to 5075 years age, we included all survey respondents aged
50 years and above for uniformity in data analysis. Moreover, we restricted including the colonoscopy
screening data during the past 5 years for uniformity in the data analysis; although, the updated guidelines
stated colonoscopy screening test during the past 10 years. The Institutional Review Board at East Tennessee
State University approved the research study.
Data analysis
For each year, 2002, 2004, 2006 and 2008, we calculated the proportion of respondents who were uptodate
status with screening for CRC along with sociodemographic characteristics of the respondents including
age, gender, race, education and annual household income. Those participants who either did not respond or
who responded “do not know/not sure” or “refused” to the questions [Table 1] were not included. In
concordance with the screening guidelines, the responses of survey participants aged 49 and younger were
dropped from the study. To identify key factors of update status with CRC screening, we conducted a
multivariable logistic regression analyses for the 4 years distinctly. Adjusted odds ratios (ORs) along with

95% confidence intervals (CI) were reported. A 2sided 5% significance level was used for all statistical
inferences. SAS 9.2 (SAS Institute, Cary, NC, USA) was used for data analysis.
RESULTS
Table 2 presents the proportion of all respondents that were uptodate status with CRC screening in TN.
The proportion of survey respondents 50 years old or older who reported a home FOBT in the past 12
months and/or sigmoidoscopy/colonoscopy in the past 5 years increased from 48.6% (95% CI: 46.0, 51.1) in
200255.2 (95% CI: 53.3, 57.1) in 2006 and then decreased to 46.3% (95% CI: 44.6, 48.0) in 2008.
Table 3 presents trends in uptodate status with CRC screening among survey respondents by socio
demographic characteristics. During 20022006, there were increasing trends in uptodate status among both
males and females, all age categories (5054, 5564, 6574 and 75 years and above), Caucasians and African
Americans, those with any type of education, those with household income below $50,000 and those having
access to healthcare. Subsequently the proportion of adults with uptodate status with CRC screening
decreased during 20062008 similar to trends in the overall study population. In addition, for those who did
not have health insurance and those with household income $50,000 and above, the trend in uptodate status
was negative, then positive and finally negative during 20022008. Males were more uptodate status with
CRC screening than females, except during 2006. Those aged 6574 years, those having more than college
level education, those with household income ≥$35,000 and those having access to healthcare were more
uptodate status compared to other respective categories.
Table 4 identifies, the key sociodemographic factors associated with uptodate status with CRC screening
in TN. The adjusted estimates identified respondents in ages 5054 years as less likely to be uptodate status
with screening for CRC compared with adults aged 75 years and above during 20022008 (2002: Adjusted
OR 0.51, 95% CI: 0.330.78; 2004: OR 0.42, 95% CI: 0.290.62; 2006: OR 0.43, 95% CI: 0.310.59; 2008:
OR 0.62, 95% CI: 0.460.82). Moreover, the adjusted estimates revealed that individuals who did not have
access to healthcare were approximately 50% less likely to be uptodate status with screening for CRC than
those who had access (2002: OR 0.46, 95% CI: 0.260.82; 2004: OR 0.44, 95% CI: 0.280.70; 2006: OR
0.46, 95% CI: 0.330.65; 2008: OR 0.46, 95% CI: 0.330.63). Furthermore, individuals with annual
household income less than $25,000 were less likely to be uptodate status with CRC screening for the
years 2002 (OR 0.58, 95% CI: 0.390.84) and 2008 (OR 0.65, 95% CI: 0.520.82) respectively. In contrast,
during the year 2008, it was found that nonCaucasians were 35% (OR 1.35, 95% CI: 1.041.75) more likely
to be uptodate status with CRC screening in comparison to Caucasians. Although statistically insignificant,
males were more likely to be uptodate status with CRC screening than females. Similarly, individuals
having more than a college education were more likely to be uptodate status with CRC screening compared
to those with a college education.

DISCUSSION
We found that the proportion of TN BRFSS survey respondents with uptodate screening status for CRC
were below than that of national rates. In 2002, 52% of US adults aged 5075 years were uptodate with
screening, which is defined as FOBT in the past year or a lower endoscopy in the past 10 years,[1]
compared to 48.6% adults in TN. Similarly, in 2008, approximately 64% of adults aged 5075 years were
uptodate with CRC screening nationwide,[1] in comparison to 46.3% of adults in TN. The lower screening
rates in Tennesseans might potentially be related to low socioeconomic status and limited resources for
health screenings. In reference to the 2000 US Census Bureau Data where 19% of US adults had less than
high school education, 16% had annual household incomes below $15,000 and 12.4% lived below poverty
level, approximately 24%, 19% and 13.5% of Tennesseans had less than high school education, annual
household income below $15,000 or lived below poverty level respectively.[31] Although the uptodate
screening rates for CRC in TN rates were below the national rates, we found that there was an increase in
percentage of TN respondents with uptodate screening for CRC during 20022006. This could be

attributed to significant nationwide and state health promotion efforts to encourage screening tests for CRC
for the adult population in TN.[32,33] While the CRC screening rates increased during 20022006, the rates
decreasedduring 20062008 (55.246.3%). The decrease in screening rates during this period might not be
real and could be attributed to a number of factors such as the definition of uptodate screening status for
CRC used in this study versus the new updated screening guidelines by the USPSTF in 2008,[14] changes
in BRFSS sampling procedures by regional health departments and changes to TN Medicaid reform in 2005.
[34]
We found higher rates of uptodate status with CRC screening among individuals with high levels of
education, high annual household income or having a health insurance. These findings regarding the
relationships between some sociodemographic characteristics and screening patterns were in consistent with
results from prior studies.[35,36,37] In 2008, the TN BRFSS respondents aged 5054 years had low rates of
uptodate screening compared to those aged 75 years and above and individuals with low annual household
incomes had lower rates of uptodate screening status compared to those with higher levels of annual
household income. Similarly, rates of uptodate screening status for insured or those who have access to
healthcare were almost twice as high among those with no healthcare access. These findings indicate that
current public health education and awareness programs to promote CRC screening may not be reaching
these subgroup populations, which may subsequently lead these adults to progress to invasive cancer. The
lack of education and promotion initiatives is also supplemented by poor access to healthcare or insurance or
lack of income to pay for screening tests. The differences in uptodate status with CRC screening across
sociodemographic groups can be reflected upon the disparities as stated above and addressed at individual,
community and policy levels. At the individual level, it is important that all Tennesseans receive at least some
education that will not only improve their qualityoflife, but also contribute to their annual household
income and increased access to healthcare. At the community and policy levels, the public health
professionals, community workers and policy makers should effectively communicate the importance of
screening, campaign for increasing education and awareness and advocate for statefunded resources for all
unemployed or uneducated Tennesseans, thereby increasing screening rates. Thus, a collective action by
everyone, such as “TN Cancer Coalition Network” is necessary to reduce the disparities among populations,
increasing uptodate status with CRC screening and reducing the burden of CRC in TN.[38]
NonCaucasians, especially AfricanAmericans are diagnosed at an advanced stage of CRC than Caucasians
and have higher mortality rates than Caucasians. These disparities may be attributed in part to low rates of
screening.[39,40] However, in this study, we found that in 2008, nonCaucasians are more associated with
uptodate status with CRC screening than Caucasians as identified in previous studies.[41] Although the
finding is encouraging with more than a quarter of AfricanAmericans being uptodate status with
screening, the lack of significance and fluctuations during 20002008 could be attributed to sampling errors,
changes in the definition of uptodate CRC screening status and family history of cancer or other risk factors
that might have increased their perception toward benefits of screening and thereby contributing to increased
screening rates. Instead, efforts to educate and promote the screening for CRC among nonCaucasians,
especially AfricanAmericans, should continue as these subgroup populations have higher rates of diagnoses
and mortality in advanced stages of cancer. In addition, although not significant, we identified that proportion
of males who is uptodate status with CRC screening is higher than that of females, similar to earlier studies
that reported higher prevalence of screening test among males than females.[42,43,44] Moreover, greater use
of FOBT has been reported by females while men favored endoscopy more often.[45] It is noteworthy that
several factors need to be considered while addressing the gender gap in screening rates in terms of
preference, complications and efficacy of a screening modality, effective health communication, level of
comfort, frequency, time and cost; thereby, future health education and promotion efforts could be targeted to
deal with such factors while addressing the gender differences.
The study is subject to merits and limitations and as per our knowledge it is the first investigation to identify
trends and characteristics of TN adults associated with uptodate status with CRC screening. We utilized the

TN BRFSS survey data, a state representative data to conduct this study; therefore, the study findings can be
generalizable to the entire population. Although the study has significant strengths and draws important
conclusions, limitations do exist. First, the updated screening guidelines for CRC in 2008 to identify
individuals screened for sigmoidoscopy within the past 5 years and colonoscopy within the past 10 years,
along with changes in Tenn Care reforms and sampling procedures may have resulted in lower screening
rates in 2008. The extent to which these changes may have affected the results remains unclear and need
further evaluation. The definition of uptodate screening status for individuals as either colonoscopy or
sigmoidoscopy within the past 5 years may underestimate the actual percentage of those who are uptodate,
since individuals who had a colonoscopy within the past 610 years are in compliance with current
guidelines. Moreover, we cannot distinguish the use of CRC screening test for either diagnostic or screening
procedure from the BRFSS questions and responses, possibly resulting in under/overestimation of the actual
screening rates. Second, the TN BRFSS survey is crosssectional in nature; hence, no causal relationships
can be established. Third, the TN BRFSS survey is a telephonebased survey; therefore, responses are
limited to individuals who owned home telephones. The survey response rates are low and the respondents
may have answered differently than those who either did not own a telephone or chose not to participate, a
measure of nonrespondent bias. Another limitation is recall bias as the responses of survey participants are
selfreported and may not accurately reflect the actual screening status. However, previous studies identified
a fairtogood agreement between selfreports and medical records.[46,47] Finally, other influencing factors
or confounders such as transportation, accessibility to health education and screening initiatives, physician
recommendations for CRC screening, individuals with the family history for CRC, patient compliance with
sigmoidoscopy/colonoscopy screening procedures are not taken into consideration, which may affect the
accuracy of these uptodate screening status estimates in TN adults.

CONCLUSION
Although the CRC screening rates in TN are lower than the national rates, the percentage of TN adults who
are uptodate status with CRC screening is increasing. While this is an encouraging finding, many adults
aged 50 years and above are still not uptodate with current guidelines and some sociodemographic groups
such as the uninsured, those aged 5054 years, those with household income less than $25,000 have
particularly low rates for uptodate status with CRC screening. Therefore, there is a need for public health
awareness programs to promote screening for the public, especially targeted toward subgroup populations,
who had low percentages of respondents with uptodate status and public health education for healthcare
providers to promote and encourage the screening for CRC thereby improving the qualityoflife among
adults in TN.
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